Thionamides are anti-thyroid drugs (ATD) used to treat autonomous thyrotoxicosis. Although efficacious, these medications carry a risk of neutropenia or agranulocytosis. Some risk factors for ATD-induced neutropenia have been identified, including dose, age, and female sex, but the role of race and ethnicity has not been well studied. We hypothesize that there will be no effect of race or ethnicity on the change in Absolute Neutrophil Count (ANC) following initiation of ATD therapy.
Introduction
Treatment for hyperthyroidism often involves the use of anti-thyroid drugs (ATD) that inhibit thyroid peroxidase. These medications are also known as "thionamides." The only medications currently approved in this class in the United States are methimazole and propylthiouracil (PTU). Although uncommon, a dangerous side effect of these medications This work is licensed under Creative Commons Attribution 4.0 Licenshttp://creativecommons.org/licenses/4.0/ is neutropenia or agranulocytosis. Methimazole, a more potent drug, carries a greater associated drop in ANC than PTU [1] . Nevertheless, methimazole is more often used due to its once daily dosing and more rapid improvement in hyperthyroid symptoms [2] . In patients with severe neutropenia or agranulocytosis, a usually-benign presentation of fever and/or sore throat may signal a medical emergency. Agranulocytosis represents a small but significant morbidity and mortality risk. Estimates of the incidence of ATD-induced agranulocytosis are less than 1%, and death is rare if the condition is recognized and treated [3] .
The pathophysiology of ATD-induced neutropenia and agranulocytosis is not well understood. The most popular mechanistic hypotheses involve a combination of immunemediated and direct or indirect drug intoxication [2, 4, 5] . Immune-mediated destruction of circulating granulocytes is thought to be responsible for rapid-onset neutropenia and agranulocytosis, while direct or indirect drug intoxication is thought to be responsible for slower-onset neutropenia and agranulocytosis through suppression of granulopoiesis in the bone marrow.
Agranulocytosis typically presents in one of three ways: as asymptomatic, as asymptomatic evolving to symptomatic, or as symptomatic [3] . Asymptomatic agranulocytosis is detected on routine screening in patients without symptoms of fever or sore throat. Asymptomatic to symptomatic agranulocytosis is detected by screening patients who go on to develop symptoms despite treatment. Symptomatic agranulocytosis usually presents with a fever or pharyngitis that prompts White Blood Count (WBC) determination and investigation of granulocytopenia. More than 90% of patients who present with symptoms are febrile [6] . Agranulocytosis typically occurs between 2 and 12 weeks after initiating thionamidetherapy [7] , but the condition may also occur after many months of apparently-safe therapy [8] .
The effectiveness of complete blood count screening in patients beginning ATD therapy continues to be explored. There is some evidence to suggest that such screening is effective at identifying asymptomatic agranulocytosis, with two studies showing that most patients have a "slow onset" of agranulocytosis [3, 9] . However, another study performed at the same hospital showed that more than 50% of patients who presented with symptomatic agranulocytosis had a normal granulocyte count within two weeks of presentation without treatment [10] . Thus, there is no consensus, and routine screening is not typically recommended [11] .
Treatment for ATD-induced agranulocytosis involves removal of the offending medication, and beginning prophylactic antibiotics. In some cases, a combination of admission to the hospital, provision of an isolation room, blood transfusion, or administration of granulocyte/ macrophage colony stimulating factor (GM-CSF) may also play a role in treatment [3, 7, 12] . Corticosteroids may also be beneficial, although there is disagreement on this [7, 13] . The most frequently occurring infections are pharyngitis, tonsillitis, pneumonia, or urinary tract infection. Gram-negative rods are the most common offending organisms, including klebsiella pneumoniae and Pseudomonas aeruginosa. Thus, empiric antibiotic therapy for Known risk factors for agranulocytosis include thionamide dosage (more so for methimazole than with PTU), age, and female sex [2, 3, 7, 10, 12] . Other recent studies have used HLA typing to predict the risk for agranulocytosis. In China, HLA-B*38:02:01 was associated with a negative predictive value of 0.999 for agranulocytosis induced by methimazole or carbimazole (a methimazole derivative) [14] . Conversely, in Taiwan, this same HLA allele was found to carry an odds ratio of 21.48 for ATD-induced agranulocytosis, and the odds ratio rose to 48.41 rises if both this allele and HLA-DRB1*08:03 were present [15] . These two studies were repeated in Europe, and another allele locus, HLA-B*27:05, was found to be the largest predictor of agranulocytosis among a white European population [16] . Despite this recent exploration into HLA typing, there are very limited data regarding how race and ethnicity impact the risk for ATD-induced agranulocytosis or neutropenia. Furthermore, many of the existing studies have been performed in Japan and China, and many of those studies were performed in the same Japanese institution [3, 6, 7, 9, 10, [13] [14] [15] 17] . Clearly, further studies of racial differences regarding this important adverse drug effect are needed [18] .
Because treatment of thyrotoxicosis with ATD carries a finite risk of agranulocytosis, a better understanding of the role of race and ethnicity in its pathogenesis is necessary. The University of New Mexico Health Sciences Center (UNM HSC) is located in a geographically and ethnically diverse minority-majority state that allows convenient investigation of the potential relationship between race and ethnicity and the risk of ATDassociated neutropenia. We here describe a cross-sectional retrospective cohort study to explore how race affects change in absolute neutrophil count (ANC) in adult patients with thyrotoxicosis after initiation of an ATD. We hypothesize that there will be no effect of race or ethnicity on the change in ANC following initiation of ATD therapy.
Methods Participants
Study participants were identified from the Electronic Medical Record at University of New Mexico (UNM) Health Sciences Center (HSC) using a standard database query for the years 2000-2016. Using an extant prescription for an ATD (i.e.-methimazole or PTU), we identified 1,554 possible adult patients for inclusion in this study.
Study protocol
Inclusion criteria were adults aged 18 years or older, a prescription of an ATD during the study period, attainment of an ANC recorded within 30 days of initiating ATD therapy (Pre-ATD), and attainment of an ANC recorded between 75 and 365 days after initiating ATD therapy (Post-ATD). Exclusion criteria included prescription of other agents known to cause neutropenia or agranulocytosis, such as clozapine, allopurinol, and chemotherapy. Patients were assigned to self-reported racial and ethnic groups as follows: Hispanic, Non-Hispanic White, Native American, Black/African American, and Asian/Pacific Islander. The date of ATD prescription was designated the "index date."Height, weight, and BMI were selected at the earliest available value within a period of 90 days before the index date to 365 days after, inclusive. ATD doses were classified high, medium, or low as follows: for Methimazole, low <10mg/day (inclusive), medium 10-20mg/day (exclusive and inclusive, respectively), and high >20mg/day (exclusive); for PTU, low <100mg/day (inclusive), medium 100-300mg/day (exclusive and inclusive, respectively), and high >300mg/day (exclusive), ATD doses were chosen as the prescription at the index date. Complete blood counts used to calculate ANC were obtained by standard phlebotomy and analyzed by the Clinical Laboratory Improvement Amendments (CLIA) certified Tricore Reference Laboratory (Albuquerque, NM) using standard clinical methodology.
Outcome definitions
The Pre-ATD ANC was selected as the value closest to the index date, with preference given to any ANC obtained before the index date. The Post-ATD ANC was defined as the nadir ANC observed between 75 and 365 days after the index date. "Delta ANC" was defined as the difference between Post-ATD ANC and Pre-ATD ANC ((Post-ATD ANC) -(Pre-ATD ANC)). Delta ANC was the primary study outcome variable. "Pre-to Post-ATD interval" was defined as the time between measurement of Pre-ATD ANC and Post-ATD ANC in days.
Statistical analysis
Baseline differences across racial groups were calculated. ANOVA analysis with Bonferroniadjusted post-hoc testing was performed to examine differences in Delta ANC across ethnic groups, as well as Pre-ATD and Post-ATD ANC means. After Bonferroni adjustment, a probability of <0.005 was required for statistical significance. To further examine the independent role of race in risk for neutropenia with ATD administration, multiple regressions was performed after adjustment for age, sex, BMI, ATD dose category, and ATD to Post-ATD ANC interval. Stata software version 13.0 was used to perform all statistical analyses (Stata Corp 2013, College Station, TX). This study was approved by the UNM HSC Human Research Review Committee after expedited review.
Results

Patient characteristics
One hundred and twenty-three patients met inclusion and exclusion criteria and were included in the analysis. Specifically, 1,554 patients were identified as having an extant prescription for ATD. Of these, 1,103 patients were eliminated because they did not have an ANC value within 30 days of the index date (i.e. -they lacked a Pre-ATD ANC), and a further 303 were eliminated because they did not have an ANC between 75 and 365 days after the index date (i.e. -they lacked a Post-ATD ANC). Another 25 subjects were eliminated because they had prescriptions for other medications associated with neutropenia or agranulocytosis. The racial composition of the remaining 123 participants was 53% Hispanic, 25% Non-Hispanic White, 10% Native American, 8% Black, and 4% Asian or Pacific Islander.
ANOVA indicates that there is a significant effect of ethnicity at the p<0.001 level for the five groups (F(4,115)=5.52, p=0.0004). Further comparison using Bonferroni's post-hoc adjustment suggests that the mean Delta-ANC for Native Americans (3.6±5.1×10^3 permm^3) is significantly different as compared to all other ethnic groups (Hispanic = −1.4±3.3, White = −0.6±3.3, Black/African American = −0.9±4.1, Asian/Pacific Islander = −3.8±4.8). There was no statistically significant difference between the groups with regards to age, sex, BMI, ATD dose category, Pre-ATD ANC, or Pre-to Post-ATD ANC interval.
Multiple regression, which controlled for age, sex, BMI, ATD dose category, and ATD to Post-ATD ANC interval, confirmed this finding (r^2 = 0.23, p=0.0077). The Native American group was the only racial and ethnic group to record, on average, a positive Delta-ANC, signifying an overall increase in ANC after initiating an ATD. Figure 1 further illustrates this change, displaying Delta-ANC as a function of time.
Discussion
In this retrospective cohort study, we examined how race and ethnicity affected the risk of neutropenia and agranulocytosis among unselected patients who were receiving anti-thyroid drug therapy and who conveniently had Complete Blood Counts obtained at appropriate times to assess the effect of these medications on neutropoiesis during the first year of therapy. We found that Native American race was independently protective against development of neutropenia, even after adjusting for the potential confounders of age, sex, ATD dose, and BMI.
Our study has several strengths. First, this study addresses an important clinical question of how race and ethnicity affect the risk for neutropenia and agranulocytosis after initiating ATD therapy. While there have been other recent publications exploring the relationship of HLA typing to the risk of neutropenia, a simple investigation ofthe role of race in ATDinduced neutropenia has not, to our knowledge, been previously documented [14] [15] [16] . Thus, this study addresses an important gap in the medical literature. Second, UNM HSC is uniquely positioned within the Southwestern United States as a major referral center for Endocrinology care, and the availability of a large, multiethnic population likely increases the generalizability of our study. Specifically, New Mexico's ethnic and racial makeup in 2014 was approximately 45% Hispanic, 40% Non-Hispanic White, 9% Native American, 5% Asian or Pacific Islander, and 1% Black [19] .
There are also limitations to this study. First, it should be noted that the racial or ethnic designation of "Native American" encompasses a large and diverse population. Our study likely contains a high percentage of Native Americans from the New Mexican Pueblos, and thus our results may not be generalizable to all Native American communities across the United States. Second, the sample size from this study is relatively small. This is due to a relative paucity of Pre-ATD ANC data, as 71% (1103 of 1554) of our possible ATD patient pool was excluded because of an absence of necessary ANC data. This likely reflects the lack of current guidelines mandating the monitoring of WBC in patients who start ATD therapy. Moreover, a further 19% of our potential study subjects (303 of 1554) were excluded because they lacked a Post-ATD ANC value. This may again reflect the current standard of practice, which does not include regular monitoring of WBC among patients receiving ATD therapy. Additionally, patients who did receive ATD determination in this study presumably did so for some clinical indication, and those reasons were not captured by our study design. There is additional evidence to suggest that hyperthyroidism is more prevalent in Non-Hispanic black racial groups, and that the prevalence of hyperthyroidism is approximately equal among Hispanic and Non-Hispanic whites [20] . It is also worth noting that the Black/African American population of New Mexico is relatively small, so firm conclusions about the effect of ATDs on ANC in African American patients probably cannot be drawn from this study [19] . Additionally, ANC values were chosen that most closely corresponded to a true "Pre-ATD" and "Post-ATD" timeline, yet ANC values for "Pre-ATD" were sometimes selected after (but within 30 days of) the date of initiation of the ATD. Since the neutropenic effect of an ATD can happen any time after initiation, this may have confounded our results [7, 8] . Finally, blood counts and ANC can vary from day to day. Our study design selected a single ANC measurement to be representative of the patient's true ANC status, which may or may not have been an accurate characterization. Despite these limitations, we took a conservative approach to statistical analysis by employing the Bonferroni-adjustment to our interpretation results.
Future research should expand upon the current study to confirm these findings with larger and more diverse national populations, and a prospective study investigating the relationship between race and ethnicity on ATD-associated neutropenia risk is sorely needed. We conclude that in this cohort of New Mexican hyperthyroid patients, Native American individuals had a decreased risk of developing neutropenia than other racial groups following initiation of an anti-thyroid medication in the thionamide class. This finding provides important further characterization of the known risk factors for this potentially lifethreatening side effect of anti-thyroid therapy. 
